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SAMMENDRAG: 
Planlegging av nye og effektive transportveier øker etterspørselen etter å krysse bredere fjorder og høyere 
fjell. Dette fører til at broer må sette nye lengderekorder og at ny teknologi må utvikles. Dagens hengebroer 
begrenses av stabilitetsproblemer ved høye vindhastigheter, såkalt flutter. Denne masteroppgaven 
undersøker mulighetene for å øke stabilitetsgrensen til hengebroer ved å installere en passiv massedemper. 
Massedempere har tidligere vist seg å være meget effektive til å dempe dynamiske svingninger på grunn av 
vindlaster på både høyhus og broer.   
 
Arbeidet er utført som en teoretisk studie hvor det er utviklet en beregningsmetode som deretter er prøvd på 
to broeksempler, en fiktiv brokonstruksjon fra boka ”Theory of Bridge Dynamics” av Strømmen (2010) og 
Hardangerbroa, Norges lengste hengebro som åpner i løpet av 2013. 
 
Beregningen av kritisk vindhastighet er basert på en modal analyse. Kun de to modene som bidrar til flutter-
ustabiliteten er inkludert i beregningen. Dynamisk respons beregnes ved å øke middelvindhastigheten 
skrittvis helt til responsen øker mot uendelig. Beregningen inkluderer bevegelsesinduserte krefter, vind- og 
turbulenslaster og massedemperens effekt. Tilslutt er det utført en parameterstudie som inkluderer 
massedemperens masseforhold og egenfrekvens. 
 
En massedemper er egnet til å øke den aerodynamiske stabilitetsgrensen til hengebroer. Resultatene viser 
at en massedemper øker kritisk vindhastighet betydelig for den fiktive broa. Kritisk vindhastighet øker også 
for Hardangerbroa, men i mindre grad. Parameterstudien viser at optimal verdi for egenfrekvensen er viktig 
for effektiv utnyttelse av massedemperen. Det er knyttet usikkerhet til beregninger av responsfrekvenser ved 
kritisk vindhastighet. Et lite avvik mellom beregnet og virkelig verdi kan redusere effekten av massedemperen 
betydelig. For at massedemperen skal bli mer robust mot avvik i responsfrekvensen er det foreslått å benytte 























Sju vindar, sju vindar 
sulla og song. 
Sju vindar, sju vindar 
fann himmelen trong. 
 
Sju vindar, sju vindar 
møttest i kast. 
Då vart det runddans, 
då rauk det kvast! 
 
Sju vindar, sju vindar 
skilde lag. 
Og alle vindar 
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2 1   INTRODUCTION 
 
Thus, the nature of wind forces may stem from pressure fluctuations (turbulence) in 
the oncoming flow, vortices shed on the surface and into the wake of the body, and from 
the interaction between the flow and the oscillating body itself. The first of these effects 
is known as buffeting, the second as vortex shedding, and the third is usually labelled 
motion induced forces. In literature, the corresponding response calculations are usually 
treated separately. The reason for this is that for most civil engineering structures they 
occur at their strongest in fairly separate wind velocity regions, i.e. vortex shedding is at 
its strongest at fairly low wind velocities, buffeting occur at stronger wind velocities, 
while motion induced forces are primarily associated with the highest wind velocities. 
Surely, this is only for convenience as there are really no regions where they exclusively 
occur alone. The important question is to what extent they are adequately included in the 
mathematical description of the loading process. 
In structural engineering the wind induced fluctuating forces and corresponding 
response quantities are usually assumed stationary, and thus, response calculations may 
be split into a time invariant and a fluctuating part (static and dynamic response). An 
illustration of what can be expected is shown in Fig. 1.1. 
 
Fig. 1.1     Typical response behaviour of slender civil engineering structures 
For a mathematical description of the process from a fluctuating wind field to a 
corresponding load that causes a fluctuating load effect (e.g. displacements or cross 
sectional stress resultants) a solution strategy in time domain is possible but demanding. 
The reason for this is that the wind field is a complex process that is randomly distributed 




























6 1   INTRODUCTION 
 
1.3   Basic flow and structural axis definitions 
The instantaneous wind velocity vector is described in a Cartesian coordinate system 
, ,f f fx y z! "# $ , where fx  is in the direction of the main flow and fz  is in the vertical 
direction as shown in Fig. 1.3.a. Accordingly, the wind velocity vector is divided into 
three components. 
 
a)   Definition of flow and structural axes, displacements and loads 
 
b)   Definition of cross sectional forces (stress resultants) 
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54 3   STOCHASTIC DESCRIPTION OF TURBULENT WIND 
 
relevant even further information is required with respect to the wind climate on the 
construction site. Thus, mean wind statistics must be based on data covering numerous 
meteorological observations over several years, as it is the values of ( )fV z  under a 
large variation of weather conditions that are of interest (or ideally under any possible 
weather condition at the site in question). Such statistics are usually performed on the 
mean wind velocity at 10 mfz =  and averaged over a period of 10 minT = . A typi-
cal instantaneous wind velocity profile in the main flow direction is illustrated on the left 




Fig. 3.1     The wind velocity and turbulence profiles 
A theoretical approach renders a natural logarithmic profile for the height variation of 








ln  when 
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where the index 10 has been added to V, indicating an averaging period of 10 minutes, 
while Tk , 0z  and minz  are parameters characteristic to the terrain in question. 
The height minz  has been introduced because such a velocity profile has a limited va-
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64 3   STOCHASTIC DESCRIPTION OF TURBULENT WIND 
 
 
Fig. 3.6     Cross covariance of along–wind u component 
The corresponding covariance coefficients are defined by 
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=!"
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                    (3.31) 
(If the process is not ergodic, then mσ  should be taken at position s , while nσ  should 
be taken at s s+ ∆ .) The situation is illustrated in Fig. 3.6 with m u=  and fs y= , 
which is most relevant for a horizontal structure where time series of the turbulence 
components have been recorded at various positions a and b along the span of the struc-
ture. As can be seen from Eq. 3.29 (and 3.30), there are 27 possible covariance func-
tions. However, it is a usual assumption that cross covariance between two different 
turbulence components may be neglected, at least beyond a certain distance above the 
ground. All off-diagonal terms in Eq. 3.29 will then become zero, and the number of 
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3.3   THE SPATIAL PROPERTIES OF WIND TURBULENCE 65
 
 
where ,f fs x y=  or fz . The corresponding covariance coefficients are defined by 
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(3.33) 
The covariance properties in the wind field are in general decaying with increasing sepa-
ration s∆  and time lag τ . A typical decreasing curve at 0τ =  is illustrated in Fig. 3.7. 
 
Fig. 3.7     Spatial cross covariance properties of the wind field 
The situation at 0τ =  is particularly interesting because 
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0
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                  (3.34) 
is a characteristic length scale that may be interpreted as the average eddy size of com-
ponent n  in the direction of s . For instance, the length scales ,x xf fu vL L  and 
xf
wL  are 
quantities representing the average eddy size of the u , v  and w  components in the 
direction of the main flow. They have previously been presented in Eq. 3.24, and since 
they obviously can be extracted directly from two point data and Eq. 3.34, the use of 
Taylor’s hypothesis behind Eq. 3.24 is obsolete. The remaining six length scales s nL  
with , ,n u v w=  and ,f fs y z=  are the corresponding quantities that represent the spatial 
properties in a plane perpendicular to the main flow direction. Typical decay curves for 
the u  component are shown in Fig. 3.8, illustrating the spatial interpretation of the inte-
gral length scales. 
66 3   STOCHASTIC DESCRIPTION OF TURBULENT WIND 
 
Fig. 3.8     Spatial illustration of the integral length scales 
The spatial properties of turbulence are trongly d pendent of the fetch, i.e. the up–
wind terrain. In general, the determination of spatial properties of the turbulence compo-
nents should be based on full scale recordings on the site in question. However, for a 
first approximation and under homogeneous conditions not unduly close to the ground, 
the following may be adopted 
( ) ( ), 0 exp / snn ns s Lρ ∆ τ ∆= ≈ −  , ,, ,f f f
n u v w



















































' () *' (
' () *


























     
(3.36) 
While cross covariance functions (or coefficients) represent the time and space domain 
properties of the turbulence components, it is the auto and cross spectral densities that 
describe the frequency-space domain properties. In text books on mathematics, the dou-
ble sided cross spectra are usually defined with ω  as the frequency variable, in which 
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92 5   WIND AND MOTION INDUCED LOADS 
 
 
Fig. 5.1     Instantaneous flow and displacement quantities 
As can be seen, the usual assumption that any fluctuating quantity can be split into a 
time invariant mean part and a zero mean fluctuating part is adopted (as previously 
mentioned in chapter 1.3). Thus, the cross section at an arbitrary position along the span 
is first given the displacements ( )yr x , ( )zr x  and ( )r xθ . In this position the wind 
velocity vector is ( ),V u x t+  in the along wind horizontal direction and ( ),w x t  in the 
vertical across wind direction. It is about this position that the structure oscillates. The 
cross section is then given the additional dynamic displacements ( ),yr x t , ( ),zr x t  and 
( ),r x tθ . In this position the instantaneous cross sectional drag, lift and moment forces in 
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4 Dynamisk analyse for 
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V=49.4 V=43 V=35 V=25 V=0  [m/s]
µ=0.001
ωd=1.6































































µ = 0, V
cr
= 73
µ = 0.005, V
cr
= 74.3
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= 73 m/s ved skrittvis metode
V
cr
= 74.3 m/s ved iterasjoner













































































































































































































































































































































































































































































































































































































































































































































Vedlegg D: Matlabfunksjon phi_funk.m 
D‐1 
 
function [Phi_i, Phi_j,x_red]=phi_funk(i,j,Nx) 
  
% Svingeformer basert på fourierkoefisienter 
x_red=linspace(0,1,Nx)'; 
  
load ­ascii AA.txt 
aa_i=AA(i,:); aa_j=AA(j,:); K=length(aa_i); 
clear AA 
  
Phi_i=zeros(Nx,1); Phi_j=zeros(Nx,1); 
for k=1:K, 
    Phi_i=Phi_i+aa_i(k)*sin(k*pi*x_red); 
    Phi_j=Phi_j+aa_j(k)*sin(k*pi*x_red); 
end 
  
  
  
 
 
